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Simultaneous multiple automated analyses of liver function can be performed quickly and cheaply, but their usefulness In mass screening Is questionable. Reference intervals are frequently applied without regard to race and sex, despite the fact that reported values may vary considerably in relation to these factors. Serum analyte results for >5000 black and white men and women in the CARDIA Study showed clinically and statistically significant differences by race and sex for values of aspartate aminotransferase, y-glutamyltransferase, alkaline phosphatase, total bilirubin, total protein, and albumin; these differences were not explained by differences in age, body mass, reported ethanol intake, smoking, or oral contraceptive use. Results for at least one of these six tests were out of range in 38% of the men and 19% of the women. Sex-and race-specific reference intervals are recommended to decrease the frequency of values reported as abnormal in otherwise healthy young adults. Simultaneous multiple automated analyses of analytes reflecting liver function can be performed quickly and cheaply, but their usefulness in mass screening is questionable (1,2). Values outside of reference intervals are not uncommon in apparently healthy subjects, and investigation of such abnormalities can be time consuming, anxiety-provoking, and expensive (3). Reference intervals are frequently applied without regard to race, sex, and age, despite the fact that results for serum analytes may vary considerably in relation to these factors (4) (5) (6) (7) (8) (9) (10) . Adequate numbers of samples from black subjects and women, measured at a single laboratory, have not been studied to test the appropriateness of these recommendations.
Factors 
Results
Of the 5115 CARDIA subjects, 72 were excluded because some of their serum chemistry measurements were missing, leaving 5043 participants for this analysis. Quality-control data for the 5% of the samples that were analyzed as split pairs are presented in Table 1 . Internal CVs were greatest for GOT and total bilirubin, and mean absolute differences as a percent of mean values were highest for AST, GOT, and total bilirubin and lowest for albumin.
Median, upper, and lower fifth percentile values, and upper and lower 2.5 percentiles of serum chemistry results by sex and race are presented in Table 2 . Results for AST, GOT, alkaline phosphatase, and total bilirubin were substantially skewed, whereas the concentrations of total protein and albumin were more normally distributed. The 95th and 97.5th percentile values show considerable differences by race and sex, particularly for AST, GOT, and alkaline phosphatase. Mean values differed by race and sex for all chemistries (data not shown, P <0.0001 by one-way analysis of variance), but these differences were of various magnitudes. All mean serum analyte results were higher in men than in women (P <0.0001). Mean concentrations of GOT, alkaline phosphat.ase, and total protein were higher, and concentrations of total bilirubin and albumin were lower, in blacks than in whites (P <0.0001). Calculated z-scores exceeded the threshold value recommended by Harris and Boyd (10) for partitioning into subgroups by race and sex for all analytes except for AST concentrations by race (data not shown).
To assessthe magnitude of the association of serum Reference ranges provided by the Bioscience Labs, and the proportion of subjects with values outside these ranges, are shown in Table 4 . White men were more 1447 likely to exceed the upper limit of normal for AST, bilirubin, and albumin than was the cohort as a whole, whereas black men were more likely to have concentra-76 tions of AST, alkaline phosphatase, total protein, and albumin above the overall reference range. Black men and women were more likely to have "above-normal" activities of GOT than were white men and women.
1447
Overall, 38% of the men and 19% of the women had at 50 least one value out of range on these six tests.
To determine whether alcohol intake was associated with out-of-range values, we compared several categorical and continuous variables in those subjects with values within and outside of these ranges. High AST results were not associated with greater reported alcohol intake in any sex-race group except black men, in whom those with high AST activities reported mean weekly alcohol intakes of 159 mL compared with 110 mL for those whose values were within range (P <0.02). HDL3-cholesterol, used as a biological marker of alcohol intake, was also higher in black men with out-of-range AST results: 387 vs 375 mgfL (P <0.004). High GOT measurements were associated with higher reported alcohol intake in all four sex-race groups (each P <0.02). When Table 4 . Out-of-range GOT results in this subgroup were also present in similar proportions to the group as a whole except for black men, in whom the proportion dropped from 5.9% to 3.2% (P <0.01).
Repeated measurements were not routinely performed on subjects with out-of-range values, but were performed in a subset of the population examined at the Oakland CARDIA Field Center. Repeated AST results were normal in 18 of 20 subjects with out-of-range results on initial testing; repeated GOT results were normal in 2 of 3 subjects with initially out-of-range values; repeated bilirubin and total protein results were normal in 5 of 6 subjects with initially out-of-range values.
Discussion
Results for six liver-related serum chemistry tests differed by race and sex in this population-based sample of young adults. Distributions observed in CARDIA were similar to those in other population-based samples (13, 20), which also showed sex-race differences for many of these analytes. Other factors associated with serum chemistry test results included age, BMI, and use of alcohol, cigarettes, marijuana, and oral contraceptives.
Sex differences similar to those we observed have previously been noted for several of these serum chemistry analytes, with men reported to have higher values than women for AST (21) (22) (23) (24) , GOT (6, 25), alkaline phosphatase (12, 21), total bilirubin (22, 26) , total protein (27), and albumin (28) . These sex differences appear to change with age, however, and may disappear or even be reversed in postmenopausal women compared with men of the same age (21,25) .
Highly significant differences by sex were noted for all serum chemistry analytes eamined, and sex explained a substantial amount of the total variance in concentrations of all analytes except total protein. We found that Abnormality in any analyte Ninety-fifth and 97.5th percentile values differ considerably by race and sex, and this information must be taken into account when extrapolating normal values established for one race or sex group to another.
The differences observed between blacks and whites have not, to our knowledge, been described previously, although the Hypertension Detection and Follow-Up Program did document black-white differences in concentrations of several serum analytes in a population of hypertensive subjects (20). This lack of previous publication may be due to inclusion of insufficient numbers of black subjectsin prior studies for analysis of race effects. Although race explained only a small proportion of the total variance in concentrations of serum analytes, it was one of the most strongly related variables examined, especially for concentrations of GOT and total protein. Black participants had substantially higher rates of out-of-range values than did white participants, suggesting that race-specific reference ranges be considered for these factors. Race-specific ranges of the other serum analyte concentrations that clearly differ by race might also be appropriate, but should be examined in wider age groups to determine the magnitude of these effects.
Declines with age have been noted for alkaline phosphatase, total protein, and albumin, but not for AST (21, 27). We did not observe an age-related cross-sectional decrease in total protein concentrations; however, the age range of the CARDIA subjects may have been too narrow to detect this trend. The increase in GOT with age has not, to our knowledge, been described previously. Although age-related trends in our data were relatively small, our participants represented a narrow age range (12 years). The trends we observed may become more important when expanded to wider age ranges.
Given the large sample size and abundance of information collected in CARDIA, it is not surprising that we saw associations between analyte concentrations and other factors. Most of these relationships were relatively weak and of little clinical relevance, although they may be of some use in interpreting out-of-range or fluctuating results in individual subjects. Interestingly, the results in subjects reporting prior illness differed only minimally from those without these histories, even though analyte concentrations are used clinically to detect or confirm disease. Although the results in this subgroup were expected to differ from those for CARDIA subjects as a whole, they did not, possibly because of the relative infrequency of reported illness, or because the subjects had recovered from their illnesses by the time they were examined. The high rates of reversion to normal on repeated testing suggest that the abnormalities detected may have been transient or due to measurement error.
Alcohol intake, especially in the highest intake category, explained only a small proportion of the variability in serum analyte concentrations. Although alcohol intake is reportedly an important determinRnt of these values, particularly for liver enzyme concentrations (29) (30) (31) ,
we observed only weak relationships in this study. This may be due to the unreliability of selfreported alcohol intake or to individual differences in alcohol metabolism that overshadow the effects of absolute amount consumed (29, 32 Analytical variability of analytes in our laboratory was comparable with the published data for AST, alkaline phosphatase, total bilirubin, and total protein in one series (33), and for alkaline phosphatase and total protein in another (34) but was higher for all analytes than was reported in a third series (35) . The greater CVs noted in the CARDIA sample may simply be due to the lower mean values in this healthy, young population; using these lower values in the denominator would increase the calculated CVs even if standard deviations stayed constant. Increased variability would not be expected to have an important effect on our results, however, because its effect would be to bias differences toward zero.
In summary, serum concentrations of the six liverrelated analytes examined in CARDIA varied by race and sex; these differences persisted despite adjustment for age, body mass, alcohol intake, smoking, and reported illness or pregnancy. This population-based sample had high rates of out-of-range values, particularly among black subjects and men. Sex-and race-specific reference ranges should be used to decrease the rates of out-of-range values encountered in young, apparently healthy subjects.
